Background: acute medical units allow for those who need admission to be correctly identified, and for those who could be managed in ambulatory settings to be discharged. However, readmission rates for older people following discharge from acute medical units are high and may be associated with substantial health and social care costs. Conclusions: This study highlights the costs accrued by older people discharged from AMUs: they are mainly (76%) in secondary care and half of all costs were incurred by a minority of participants (10%).
Introduction
Over the last 15 years, the National Health Service (NHS) has reconfigured acute care; a key innovation has been the introduction of Acute Medical Units (AMUs), now present in 98% of hospitals [1] .AMUs allow for immediate urgent care to be given, for those who need admission to be correctly identified, and for those who could be managed in ambulatory settings to be discharged. The number of vulnerable older people presenting in crisis to AMUs is rising. [2] Service evaluations indicate that readmission rates for older people in the year following discharge from AMUs are high (27) . [3, 4] It is possible that these poor outcomes are associated with high resource use and, if so, cost savings from reduced resource use could help justify spending on interventions to improve outcomes. However, the true health and social care costs of this care has rarely been described at all, or appropriately [5] .
The purpose of this study was to describe in detail the health and social care costs incurred over three months by older people discharged home from AMUs.
Method

Participants
The Acute Medicine Outcome Study (AMOS) was a two centre (Nottingham and Leicester) cohort study which aimed to recruit 700 participants. Older people (70 years or older) that had attended and were to be discharged from an AMU within 72 hours were included in this study. The characteristics and outcomes of this population are reported in detail elsewhere [3] .
Source of costing data
Resource-use data can be collected alongside clinical studies to inform estimates of costs of care.
Despite clear recommendations [6] , only half of published studies measure costs other than secondary care, even fewer include long term or social care costs. It is likely that these sectors contribute significantly to overall costs of care for this population. Various methods exist to collect resource-use information including questionnaires, diaries, and electronic record searches; however, respondents dislike the burden of keeping diaries [7] and people with lower educational attainment under-report in diaries, [8] as might those with cognitive impairment -common in the population of interest described here. Many health and social care services now use various Electronic Administrative Record (EAR) systems to record patient care and this information can be used to derive patient costs.
EAR systems were interrogated across a range of health and social care services. Hospitalisation data (inpatient and day-case) were collected retrospectively for 644 patients in Leicester and Nottingham for three months post-AMU discharge (Jan 09-Feb 11). Social care data were obtained for all participants. In a subset of 456 participants (in Nottingham), further approvals were gained to obtain data from general practices, ambulance services, intermediate and mental healthcare. Resource-use was combined with national unit costs to derive total patient costs. Extensive fieldwork was completed with the included agencies to derive parameters covering resource use, see Table 1 .
<<Table 1>>
Secondary care
Secondary care data (day-case, inpatient, outpatient and intensive care) were obtained from the Patient Administration System (PAS) for patients that attended five hospitals in the Nottingham area. Two hospitals used a joint PAS, and three further hospitals also used a joint PAS. In Leicester, the Secondary Uses Service (SUS) dataset was interrogated as this dataset includes hospital activity.
Hospital PAS systems directly feed information into the SUS dataset, therefore the two data sources should contain the same information parameters. The same parameters were available and obtained from PAS in Nottingham, and SUS dataset in Leicester. Unit costs were attached using NHS Reference Costs for 2009/10 [9] .
Primary care
Primary care resource-use data were obtained from Nottingham GP practice EAR systems. Of 118 GP practices serving our cohort, data were obtained from 48 practices (250/456 participants). Seventeen GP practices were excluded (covering 44/456 participants) because they were external to Nottinghamshire. Three practices (19/456 participants) declined and 50 practices (covering 147/456 participants) did not respond to email, letter, or telephone call during the practice recruitment process (at least three letters and three emails were sent to each practice, followed up by telephone calls over a six month period). Resource-use data could not be found for three participants; after interrogating the EAR system the participant did not seem to belong to that practice. Data for 250 patients were collected from five different EAR systems: EMIS LV, 119 patients (47.6%); SystmOne, 104 (41.6%), Synergy, 22 (8.8%), EMIS PCS, 4 (1.6%), and Vision, 1 (0.4%). Data were obtained directly from the EAR system and anonymised at the GP practice. Records extracted included consultations, procedures, telephone calls, home visits, administrative tasks, tests ordered and test results received.
Unit costs were applied based on time taken to perform each task using the time assumptions obtained from PSSRU 2009/10 [10], empirical literature, or expert opinion, and mid-point yearly salary estimations taken from the NHS "Agenda for Change" pay rates [11] . The protocol for identifying a participant's GP practice, recruiting practices to the study, identifying participants, extracting data, the anonymisation process and attaching unit costs is included in Webappendix 3.
Other healthcare costs
Nottingham patient-specific ambulance service resource use was obtained from the Caller Aided Despatch (CAD) IT service team. The Nottingham CAD system was cross-referenced with paperbased Patient Record Forms (PRFs) to identify participants that were part of this study (using participant name and place of pick-up). In Nottingham, a mental healthcare care trust providing specific mental health services for older people provided data via the RiO system [13] .
Social care costs
Social care covers services provided by local authorities and the independent sector to older people either in their own homes or in a care home. Social care services within two different catchment areas (City and County) were identified within Nottingham. Each social care service operated a different electronic system. We developed a unified parameter list for data extraction. Services consisted of contacts and assessments, and care plans. Contacts and assessments were one-off assessments or general meetings with a social care professional which included social workers, occupational therapists, and home care organisers. Care plans included home care, day care, residential care, telephone care, housing and meals-on-wheels.
Cost analysis
Unit costs were combined with resource use to generate patient-level costs. The total costs from all services, were estimated where possible, for all patients who remained in the study for 90 days without withdrawal (patients who died during the study were not classed as 'withdrawn'). Analysis was undertaken using STATA version 11.
Research ethics committee and regulatory approvals were obtained (Southampton and South West Hampshire Research Ethics Committee (A) reference number: 08/H0502/139)).
Declaration of sources of funding
This article presents independent research funded by the National Institute for Health Research 
Secondary care costs
One hundred and seventy two (27%) of 644 for whom data were available had an unplanned readmission. At Nottingham, of 358 outpatient contacts, 44% were for general medicine, 7% for cardiology, 6% for anticoagulant services, 6% for audiology, and 6% for urology. Intensive care was the least used service, four (0.8%) patients requiring its service.
Primary care costs
The contribution to costs from primary care was 10.9%. Across 419 consultations, the mean total cost per patient for service users was £59 with medical professionals, and £10 with nursing professionals.
Other health care costs
The contribution to costs from the ambulance service was 0.7%. An emergency ambulance was dispatched in 77% ambulance service events, and a rapid response unit was issued in 11% events. Use of this service was relatively low (3.8%). Patients who used the service at least once seemed to be repeat users, with a range of one to six events occurring for any particular patient during the 90 day period.
The contribution to costs from intermediate care was 0.2%, and from mental healthcare was 2.1%,
83.3% of which was delivered by the Community Mental Health Team.
Social care costs
The contribution to costs from social care was 10.0%. The type of service provided by social care was split between contacts and assessments, and care plans. The mean total cost per patient for contacts and assessments was £74, and £2022 for overall care plan, for service users. (See Table 3 )
Discussion
The mean total cost per older patient discharged from an acute medical unit over three months was £1926 but the costliest 10% of patients accounted for 50 % of the overall costs. Secondary care costs were the main cost driver, constituting three quarters of costs, with primary care and social care as other main contributors (11% and 10% respectively).
A limitation of the generalisability of these results is that the patients may not have been completely representative of all older patients discharged from AMU, as only 40% of those eligible were recruited: those who lacked mental capacity who were unable to participate might be expected to have incurred greater costs, and those who declined to participate may have been fitter and lower users of resources. However, a strength of the design is that we used a systematic search of electronic administration records and did not rely on unreliable methods such as self reported service use. Social care costs are difficult to estimate, as such care is means tested and we did not measure costs incurred by the patients themselves. A further limitation of this method was the quality of the resource use and unit cost parameters collected. For example, we were not able to access all data for primary care as the GPs who were in custody of it did not give us permission. Despite this, we have no reason to believe that this has biased our findings.
Hospital costs accounted for a large proportion (76%) of overall health costs for these patients.
Although this group of patients has not been studied in this way before, other studies of frail older people living at home [14] [15] [16] have also shown that the majority of the costs they incur are in secondary care. From our results, it follows that the most appropriate target for cost reduction in this group is by attempting to reduce hospitalisation. The fact that most of these costs were incurred by a minority of patients means that it would be valuable to identify this minority of patients who go on to incur high costs so that anticipatory or preventative interventions could be targeted upon them. Simple tools to identify high risk patients such as the Identification of Seniors At Risk (ISAR) tool are of limited value [8] and the value and feasibility of using risk profiling tools derived from electronic patient records has not yet been established for this group.
Collecting data from electronic administration records is not simple in the UK, because there are many different systems used by many different agencies. Access to each requires seeking specific permission and procedures must be followed to ensure data security. The time to undertake all this can be extensive. In this study, great effort was made to accurately and precisely identify resource use and unit costs, using as standardised an approach as possible. We have been able to identify inter-patient variation in costs that may not have been apparent if top-down or other more approximate estimation methods had been used. However, given the small contribution to the total costs of many services (ambulance, intermediate care) a case can be made for omitting these costs in future studies of this cohort. Until access to EARs improves, the choice is between complete data from small biased samples or incomplete data from larger more representative samples.
Conclusions
This study improves existing information as it provides precise, clinically relevant resource use data for a relatively large number of frail older people after being discharged from an AMU. In summary, the majority of costs incurred by older people discharged from AMUs are incurred by a minority of 10%, and ¾ of these costs are incurred in secondary health care. There is scope to introduce cost effective interventions to improve outcomes in these patients if they reduce hospital admissions, but it is likely to be necessary to focus these upon the minority of high resource users. 
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